Purpose The purpose of this study was to examine retrospectively the effectiveness of Sugioka's transtrochanteric valgus osteotomy (TVO) combined with the shelf procedure for patients who had advanced osteoarthritis (OA) of the hip with severe acetabular dysplasia. Methods Sixty-two hips in 61 patients were reviewed retrospectively between April 1993 and March 2009. Of these hips, 25 hips with the pre-operative acetabular head index (AHI) ≥ 60 % (single group) underwent a TVO, whereas the other 37 with AHI < 60 % (combined group) underwent a TVO combined with the shelf procedure. Results Using conversion to total hip arthroplasty as the endpoint, the Kaplan-Meier survival rates at ten years were calculated to be 85.5 % for the single group and 100 % for the combined group; there was a significant difference between the two groups (p<0.05, log-rank test). Similarly, calculated using progressive OA as the endpoint, survival rates at ten years were 69.5 % and 89.3 % respectively; there was also a significant difference between the two groups (p < 0.05, log-rank test). In the single group, the latest radiographic evaluations of the patients with the pre-operative AHI ≥ 70 % were significantly better than those of the patients with the pre-operative AHI < 70 % (P<0.05). Conclusion More satisfactory ten year results of TVO were obtained in cases that had a pre-operative AHI of ≥70 %, or where the shelf procedure was added. It is desirable that acetabuloplasty be added for patients with pre-operative AHI < 70 %.
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There continues to be controversy surrounding the topic of optimal treatment for advanced osteoarthritis (OA) of the hip in young patients. From the viewpoint of pain relief and early recovery, total hip arthroplasty (THA) tends to be the chosen treatment for advanced OA. However, long-term results of THA for these patients, even though they have improved due to advances in the prosthesis and surgical techniques [1] , are considered to be poorer due to the long lifespan: serious problems such as loosening and osteolysis with regard to limited durability remain unsolved, and these problems account for the need for revision of THA [2, 3] . To avoid frequent revision of THA for these patients, joint-preserving surgery should be indicated as much as possible.
Acetabular dysplasia is the most common cause of secondary OA [4] , in which pelvic osteotomy, such as rotational acetabular osteotomy (RAO) or peri-acetabular osteotomy (PAO), may be carried out. However, these joint-preserving operations are rarely effective for advanced OA [5] [6] [7] .
Since Pauwels reported the procedure of femoral valgus osteotomy as the best treatment for advanced OA, this procedure has been widely developed as Pauwels' intertrochanteric valgus osteotomy [8] . Several modified procedures were also reported, including Bombelli's intertrochanteric valgusextension osteotomy [9] [10] [11] [12] , the intertrochanteric valgusflexion osteotomy by Itoman et al. [13] , and Sugioka's transtrochanteric valgus osteotomy (TVO) [14, 15] .
Many studies of the results of valgus osteotomies for advanced OA have been described with a mean follow-up of ten to 25 years [9-13, 15, 16] . Among these studies, for severe acetabular dysplasia, additional acetabuloplasty such as the shelf procedure or Chiari pelvic osteotomy is recommended [11] [12] [13] 15] , because acetabular coverage remains insufficient after osteotomy, thereby allowing further lateralization of the head of OA [13, 17] . Nevertheless, to our knowledge, studies of the comparison between valgus osteotomy alone and the procedure combined with acetabuloplasty for the treatment of advanced OA have been limited [12, 13] .
In this study, we performed Sugioka's TVO for patients younger than 60 years old with advanced OA, and we added acetabuloplasty using the shelf procedure during TVO for patients with severe acetabular dysplasia.
The purpose of this study was to examine retrospectively the effectiveness of Sugioka's TVO combined with the shelf procedure for patients who had advanced OA with severe acetabular dysplasia.
Patients and methods

Patients
We retrospectively reviewed 62 hips (61 patients) that had Sugioka's TVO for advanced OA secondary to acetabular dysplasia between April 1993 and March 2009. The mean age of the patients at surgery was 46.3 years (27-58 years). There were nine men and 52 women. The mean duration of follow-up was 10.7 years (3-18.5 years). 23 patients had unilateral OA, and 38 patients had bilateral OA.
When the acetabular head index (AHI) of Heyman and Herndon [18] pre-operatively was less than 60 %, a shelf procedure was added. TVO alone was carried out for patients whose AHI was more than 60 %. When the AHI was measured, a roof osteophyte was included in the acetabulum. Twenty-five hips (24 patients) had TVO alone (single group), and 37 hips (37 patients) had TVO combined with the shelf procedure (combined group). The shelf procedure was carried out with the modified Spitzy-Katayama procedure [12] .
The mean age of the patients at the time of surgery was 45.8 years (range, 27-56) in the single group, and 46.6 years (range, 37-58) in the combined group. There were six men and 18 women in the single group, and three men and 34 women in the combined group. The mean duration of follow-up was 10.7 years (range, three to 18.5) in the single group, and 10.8 years (range, 5.6-18.5) in the combined group. The Fisher exact test in the pre-operative period showed no statistical difference between the two groups in terms of patient profile (sex difference, p = 0.086; opposite side involvement, p =0.74). The Mann-Whitney U test also showed no significant difference between the two groups in terms of age (p=0.92) and follow-up period (p=0.90). The average osteotomy angles in the single group and combined group were 23.3°(range, 20°-30°) and 23.5°( range, 20°-30°) respectively. The Mann-Whitney U test also showed no significant difference between the two groups in terms of the osteotomy angle (p=0.95).
Indication of transtrochanteric valgus osteotomy
Indications of TVO were as follows: Hinge abduction can be observed on a dynamic radiogram (with adduction, the lateral joint space can open wide); Full weight bearing of the contra-lateral side; Flexion > 60°; Patients < 60 years of age.
Postoperative and rehabilitation protocol
The postoperative management included active range of motion exercises a few days after surgery, and partial weight bearing at six weeks after surgery. Half weight bearing was allowed at three months after surgery, and full weight bearing at six months, after the patients had sufficient abductor strength and had demonstrated a negative or slight Trendelenburg sign.
Assessment
Clinical assessments pre-operatively and at the final follow-up were evaluated according to the scoring system of Merle d'Aubigné and Postel [19] , with scoring for pain, mobility of the hip, and walking.
Before surgery, plain antero-posterior (AP) radiographs were obtained to measure acetabular coverage. The centeredge angle of Wiberg (CE angle) [20] , the acetabular angle of Sharp [21] , and AHI were measured. Furthermore, plain radiographs at the final follow-up were divided into two groups (improved or worsened), according to the presence or absence of progressive OA.
The improved group included hips with joint space of more than 2 mm and joint congruency without any increase of sclerosis or cystic change in the subchondral bone. The worsened group included hips with no improvement or worsening of OA with an increase of sclerosis or cystic change in the subchondral bone [16] .
The survival rate analysis was performed using the Kaplan-Meier method, with the reduction of the joint space on radiographs at follow-up or conversion to THA as the end point.
Statistical analysis
The differences between the two means were calculated using the Mann-Whitney U test, the Wilcoxon signed-rank test, or Fisher's exact probability test. The cumulative probabilities of conversion to THA, or the progression of the radiographic stage were estimated by using the KaplanMeier product-limit method. The survival curves for various subgroups were compared by using the log-rank test. Statistical differences were considered significant for p values < 0.05.
Results
Clinical evaluation
The mean preoperative clinical score was similar in the two groups: 10.9 points (range, [8] [9] [10] [11] [12] [13] [14] for the single group and 11.0 points (range, [8] [9] [10] [11] [12] [13] [14] for the combined group, with p = 0.17 (no statistical difference).
In the single group, the mean clinical score improved significantly from 10.9 to 12.2 points (range, 7-16) at the time of final follow up (p<0.05). The pain score increased significantly from 2.3 to 3.2 points (p<0.05), the mobility score remained unchanged from 5.1 to 5.1 points (p=0.32), and the walking score slightly increased from 3.5 to 3.9 points (p=0.16). At the final follow-up, four of 25 hips had THA.
In the combined group, the mean clinical score improved significantly from 11.0 points preoperatively to 13.7 points (range, 5-17) at the time of final follow-up (p<0.01). The pain score significantly increased from 2.3 to 3.8 points (p<0.01), the mobility score slightly decreased from 5.7 to 5.6 points (p=0.15), and the walking score significantly increased from 3.3 to 4.3 points (p<0.01). At final follow-up, only one of 37 hips had THA.
With the end point defined as the time of conversion to THA, the Kaplan-Meier survival rates were 85.5 % at 10 years and 77.7 % at 15 years in the single group, and 100 % at ten years and 92.3 % at 15 years in the combined group; there was a significant difference between the two groups (p<0.05, log-rank test) ( Table 1) (Figs. 1 and 3) .
No patients in either of the two groups suffered from intra-operative or postoperative complications such as nonunion or infection.
Radiographical evaluation
In the evaluations of the latest radiographs, 48 hips (77.4 %) were categorized into the improved group, and 14 hips (22.6 %) into the worsened group. The improved group had 16 out of 25 hips in the single a The values are given as the probability, with 95 % confidence interval in parentheses b Log rank test Statistical differences were considered significant for p values < 0.05 Fig. 1 A 50-year-old woman had a transtrochanteric valgus osteotomy alone of the left hip. a The preoperative radiograph shows advanced osteoarthritis with 64 % in AHI, b the radiograph obtained after surgery shows improved joint space, but c the radiograph obtained six years after osteotomy shows joint space narrowing, and d THA was carried out seven years after osteotomy. AHI acetabular head index; THA total hip arthroplasty group, and 32 out of 37 hips in the combined group. Meanwhile, the worsened group had nine hips in the single group and five hips in the combined group. The Fisher's exact probability test showed a significant relationship between the method of surgical treatment and the evaluations from the latest radiographs (p < 0.05) (Figs. 1 and 3 ).
In the single group, the preoperative mean CE angle, Sharp angle and AHI of the improved group were 11.5°(range, 5-16), 43.6°(range, 41-49) and 79.3 % (range, 67-95) respectively, and those of the worsened group were 7.4°(range, −5 -19), 42.9°(range, 39-48) and 67.6 % (range, 61-81) respectively.
The Mann-Whitney U test showed no statistical difference between the improved and worsened group in the preoperative CE angle (p=0.34) or Sharp angle (p=0.68), while it did show a statistical difference in the preoperative AHI (p<0.05) ( Table 2 ).
In the single group, 15 of 17 hips with the pre-operative AHI ≥ 70 % were included in the improved group, and seven of eight hips with the pre-operative AHI < 70 % were included in the worsened group. The proportion of hips with the pre-operative AHI ≥70 % in the improved group was larger than that in the worsened group. When the Fisher's exact probability test was used for statistical analysis, the evaluations of patients with the pre-operative AHI≥ 70 % were significantly better than those of patients with the preoperative AHI < 70 % from the Fisher exact test (p<0.05) ( Figs. 1 and 2 ).
In the combined group, the pre-operative mean CE angle, Sharp angle and AHI of the improved group were 3.7°( range, −6-12), 46.3°(range, 38-53) and 54.6 % (range, 42-59) respectively, and those of the worsened group were 2.6°(range, −17-23), 47.4°(range, 44-51) and 52.5 % (range, 45-59) respectively. The Mann-Whitney U test showed no statistical difference between the improved and worsened group in the preoperative CE angle (p=0.88), Sharp angle (p=0.54) or AHI (p=0.93) ( Table 2) .
With the end point defined as the time of OA progression, the Kaplan-Meier survival rates were 69.5 % at ten years and 42.9 % at 15 years after osteotomy in the single group, and 89.3 % at ten years and 83.0 % at 15 years Table 2 Pre-operative radiographical data and latest radiographical evaluation after osteotomy in the combined group; there was a significant difference between the two groups (p<0.05, log-rank test) (Table 3 ) (Figs. 1 and 3) .
Discussion
The previous studies of valgus osteotomy combined with acetabuloplasty have been limited [12, 13] . Toyama et al. [12] reported 67 hips with advanced OA that had been treated by a valgus-extension femoral osteotomy. Thirtyone procedures were combined with the shelf operation. They reported that patients who had the additional shelf procedure experienced a longer-lasting relief from pain compared with osteotomy alone. When the endpoints were defined as conversion to THA, the survival rate at ten years for the whole group, including those with a valgus osteotomy without a shelf procedure, was 79 %, but the survival rate for the group without a shelf procedure was not indicated. On the other hand, Takasaki et al. [13] reported 256 hips treated by a valgus-extension or flexion osteotomy, and 88 procedures were combined with Chiari's pelvic osteotomy. They reported that the survival rate at ten years for the group with and without Chiari's pelvic osteotomy was 93 % and 87 %, respectively, when the endpoint was defined as the subsequent operation, and there was no statistically difference in survival rates.
In the present study, when the endpoint was defined as conversion to THA, the survival rate at ten years for the group with and without shelf procedure was 85.5 % and 100 %, respectively, and there was a significant difference (Table 1) . Similarly, when the endpoint was defined as progression of OA, the survival rate at ten years was 69.5 % and 89.3 %, respectively, and there was a significant difference (Table 3) .
Moreover, in this study, the main factor that influenced the postoperative result was AHI obtained by a preoperative radiograph: Preoperative AHI less than 70 % in the single group was a risk factor ( Figs. 1 and 2) . Morita et al. [11] reported 31 hips treated by a valgus-extension femoral osteotomy for advanced OA, and most hips with a postoperative AHI in the range of 60 % to 70 % showed loss or narrowing of the joint space on radiographs within ten years. They recommended that an acetabuloplasty should be added for these patients.
Previous studies have been reported about the survival rates of valgus osteotomy at follow-up intervals of ten and 25 years [10, 12, 13, 15, 16] . According to these reports, the * The values are given as the probability, with 95 % confidence interval in parentheses † Log rank test Statistical differences were considered significant for p values < 0.05 Fig. 3 A 47-year-old woman had a transtrochanteric valgus osteotomy combined with a shelf procedure of the left hip. a The pre-operative radiograph shows advanced osteoarthritis with 52 % in AHI, b the radiograph obtained after surgery shows improved joint space with 87 % in AHI, and c the radiograph obtained 12 years after osteotomy shows good congruency and joint space. AHI acetabular head index survival rates with a further operation as the end point were 80-90 % at ten years and 60-90 % at 15 years. In the present study, the survival rate of TVO with or without combined shelf procedure was similar to those of previous reports. Moreover, the average age of five patients who underwent THA was 60.4 years (range, 52-71 years). These results indicated that TVO is a more desirable procedure as timesaving surgery for patients of the fifth to sixth decade with advanced OA, and can prevent frequent revision of THA. A standard THA after TVO can be done easily, because it causes no deformity in the subtrochanteric region of the femur [15] . In fact, we have always inserted a standard stem without corrective osteotomy (Fig. 1) . The shelf procedure also has an advantage of bone stock for THA as a further operation: if THA is carried out, bone grafting at the acetabular side will not be required.
In summary, more satisfactory ten year results of TVO were observed in patients who had pre-operative AHI ≥ 70 % or who also underwent the shelf procedure. It is desirable that the shelf procedure be added for patients whose pre-operative AHI is less than 70 %.
